ABSTRACT Sequential feeding (SF) is an innovative system for laying hens consisting of nutrients separating energy, protein, and calcium supplies to fulfill nutrient requirements at the relevant time of day. In previous studies, hens received whole wheat in the morning and a balancer diet (rich in protein and calcium) in the afternoon. To improve SF utilization, the aim was to substitute whole wheat in the morning by an alternative energy supply: ground wheat and ground corn, with or without a proportion of whole wheat and insoluble fiber. The goal was to obtain the advantages observed in previous experiments with whole wheat [bigger gizzard, thinner hens, reduced feed conversion ratio (FCR)]. Four hundred thirty-two ISA Brown hens were housed in collective cages from 20 to 35 wk of age divided into 8 different treatments: a continuous control diet, a sequential diet with whole wheat in the morning, 3 wheat-based diets (ground wheat, ground wheat and 20% whole wheat, and ground wheat with 5% insoluble fiber) and 3 ground corn-based (ground corn, ground corn and 20% whole wheat, and ground corn with 5% insoluble fiber) provided in the morning. All sequential regimens received the same balancer diet rich in protein and calcium in the afternoon. Whole wheat SF gave the best results with an improved FCR compared with continuous control and all other SF diets. Wheat-and corn-based diets showed intermediate results between whole wheat SF and continuous feeding. Gizzard weight was higher and hens were lighter than with conventional continuous feeding, leading to an average FCR improvement of 3.2% compared with a continuous control. Thus, it is possible in SF diets to substitute, at least partially, whole wheat by ground wheat or ground corn with added insoluble fiber or some whole wheat, allowing more flexibility and economic optimization.
INTRODUCTION
In commercial egg production, laying hens are fed with a complete diet (i.e., a mix of ground feedstuffs). This distribution has the advantage of providing a uniform diet even though it may lack some flexibility regarding the instantaneous supply of nutrients to the bird, as it is well understood for Ca metabolism in connection with eggshell deposition (Sauveur and Mongin, 1974) . Moreover, a uniform diet could be a disadvantage regarding the inclusion of some alternative feedstuffs and therefore might increase the diet cost .
One way to improve efficiency in bird production systems is to implement innovative feeding techniques. Different supply systems of feedstuffs have been tested: whole grain supply (sorghum, wheat, and corn; Yo, 1996; Noirot et al., 1998) either simultaneously in different containers (choice feeding) or mixed in a single feeder (loose-mix) or offered at different times of the day (sequential feeding). Choice feeding and loose mix gave different results depending on the trial and the measured performance indicators: decreased feed intake with a decreased feed conversion ratio (FCR) in loosemix feeding when hens ate a mixture of whole wheat, whole barley, and pellet protein concentrate (Blair et al., 1973) . However, the main disadvantage of loose-mix is that hens sort their food by eating the largest particles, inducing broad individual variation in terms of intake and performance (Picard et al., 1997) . Hens were fed in a choice-feeding situation with pelleted protein concentrate, whole yellow maize, and limestone. During the laying period, hens offered the choice-fed diets laid heavier eggs and had better food conversion ratios than those fed the control diet (Olver and Malan, 2000) . No significant differences between treatments were observed for eggs laid per hen or feed intake (Olver and Effects on performance of ground wheat with or without insoluble fiber or whole wheat in sequential feeding for laying hens M. Traineau ,* † I. Bouvarel , ‡ C. Mulsant , † L. Roffidal , † C. Launay , † and P. Lescoat * 1 Malan, 2000) . The main problem with choice feeding is the protein/energy actually consumed by the bird. It may be different compared with a complete feed and thus could affect the performance of birds (Noirot et al., 1998) . Additionally, in current cages, the major drawback is the requirement of several feeders, decreasing the available space and compatibility with commercial feeding systems.
Previous studies on sequential feeding reported an increased total intake when hens were fed whole cereal supply followed by a protein concentrate given ad libitum, with the same egg performances (Blair et al., 1973) . Sequential feeding has been used in laying hens with a combination of high energy-low protein diet given in the morning and a high protein-mineral one in the afternoon (Leeson and Summers, 1978; Reichmann and Connor, 1979; Umar Faruk et al., 2010a) . These authors showed lower feed intakes, with the same egg production, leading to an improved fed efficiency compared with a complete feed diet. However, there is no specific research on the feedstuffs and no explanation of the biological mechanisms that might explain results observed in sequential feeding. Recent studies on sequential feeding showed consistent results: improved FCR, bigger gizzard, and lighter and thinner hens when whole wheat was offered in the morning and high protein and high calcium balancer in the afternoon (Umar Faruk et al., 2010a , 2011 . Change of feed efficiency in sequential feeding with whole grain might be connected to changes in dietary content and particle size of feedstuffs. Sequential feeding also led to greater development of the gizzard than occurred with a continuous diet (Umar Faruk et al., 2010a) . Heavier gizzard improves grinding action, gastric reflex, and surface area of contact between nutrients and digestive enzymes (Gabriel et al., 2003) and thus might increase digestion of food. Moreover, whole grain in the diet enhanced the development of digestive organs with a modification both of the proventriculus and gizzard and of the lower small intestine tract (Nir et al., 1995; Amerah et al., 2007) . Change in gizzard weight might be due to an increased frequency of contraction required to reduce whole grain into finer particles (Hill and Strachan, 1975; Engberg et al., 2004) . Whole wheat in sequential feeding also led to an increase in pancreas weight compared with a complete diet (Engberg et al., 2004; Gabriel et al., 2008; Umar Faruk et al., 2010a) , and it might be assumed that an heavier pancreas could be positively correlated with an increased digestive ability of the chicken (Péron et al., 2006) . Indeed, use of whole wheat could have several advantages: local availability, no grinding processing cost, and a positive effect on gizzard weight (Nir et al., 1990) even though it might be difficult to expand this system at the commercial level. Sequential feeding seems to be an interesting alternative system because it allows control of type and amount of feed offered to the hens, therefore optimizing nutrient intake at the relevant time of day. However, compulsory addition of whole wheat grain restricts the economic flexibility of this system. Consequently, it is necessary to find efficient substitutions for whole wheat. Coarse grinding of corn or wheat may be sufficient to keep the beneficial effect of whole seed. Another way to mimic the whole grain effect could be obtained from additional dietary fiber, which could increase gizzard weight (Deaton et al., 1977; Longe, 1984; Hetland et al., 2005) . Moreover, the incorporation of fiber in the diet appeared to play a positive role in feather pecking in laying hens. Indeed, Van Krimpen et al. (2009) showed that the dilution of the diet with insoluble nonstarch polysaccharides decreased feather pecking and could explain the improved feather condition at 49 wk of age.
The goal of this study was, therefore, to determine if whole wheat could be substituted by other feedstuffs in sequential feeding, while maintaining the benefits of this technique. The aim was to determine if a combination of ground corn or ground wheat with a small proportion of whole wheat (20% of the morning fraction) or the inclusion of insoluble fibers (5% of the morning fraction) could have the same beneficial effect on laying hens as whole wheat in the morning fraction.
MATERIALS AND METHODS

Birds and Housing
Hendrix ISA Brown hens were delivered to the experimental unit at 15 wk of age. Hens were housed in wire-bottomed cages designed to accommodate 3 hens per cage (50 cm width × 48 cm depth × 48 cm height) equipped with nipple drinker and feeding trough (16.7 cm of feeder access per hen). Birds were given access to a quantity of food fitted to their requirements throughout the habituation period, with a gradual increase in the amount of food given during these 3 wk. Moreover, they received a whole wheat progressively from wk 16 to 18. The objective was to adapt the bird to whole wheat supply before they reached the point of lay because abrupt supply of whole wheat led to birds' refusals as observed by Dezat et al. (2009) . Subsequently, they were given ad libitum access to food and water throughout the experimental period. Photoperiod was 10L:14D at wk 16 and reached 16L:8D at wk 18, remaining at this level until the end of the experiment. The dark period lasted from 2000 to 0400 h. The poultry shed temperature was scheduled to be 20 ± 0.5°C but fluctuated between 19 and 27°C due to high environmental temperatures. The experimental period ran from wk 19 through 35 with 432 birds randomly selected and divided into 8 groups of 18 cages with 3 birds per cage.
Experimental Treatments
Eight different diets were tested in the experiment. Contents of the diets are given in Table 1 . The control treatment contained 2,650 kcal of ME/kg and 16.9% CP and was given in 2 equal portions twice a day. For the 7 sequential combinations, birds received the high energy fraction in the morning and beginning of the afternoon (0830 to 1530 h) and the high protein and mineral fraction in the late afternoon and early morning (1530 to 0830 h). The high protein and mineral fraction was the same for the 7 sequential diets. These were formulated to reach a similar nutritional supply to the control treatment, assuming a feed intake ratio of 50/50 between high energy and high protein-mineral diet. The control diet was offered as a complete ground diet with mostly the same feedstuffs (wheat, corn, soybean meal) as the sequential diets to mimic an average supply.
Because the cereal choice was assumed to influence the feeding behavior and therefore the birds' performance, 3 high-energy diets were formulated with mainly wheat, 3 with mainly corn, and 1 only with whole wheat. Whole wheat was considered as the positive control due to previous results (Umar Faruk et al., 2010a) . Diets with ground wheat and ground corn were tested either with or without the addition of 20% whole wheat to determine the effect of the wheat size and shape on the feeding system's efficiency. Similarly, the inclusion of insoluble fibers in the diet is assumed to enhance the development of the digestive tract and particularly the gizzard (Hetland et al., 2005) . A small proportion of fiber was therefore included to 2 sequential high-energy diets, one with ground wheat and one with ground corn.
Hens with whole wheat, ground wheat, and ground wheat + whole wheat diets received 2,628 kcal of ME/ kg and 17.2% CP; hens with ground wheat + insoluble fibers received 2,623 kcal of ME/kg and 16.6% CP. Layers with ground corn + whole wheat received 2,654 kcal of ME/kg and 16.8% CP; layers with ground corn had 2,662 kcal of ME/kg and 16.9% CP; and those with ground corn + insoluble fibers received 2,660 kcal of ME/kg and 16.9% CP. Diets were formulated according to INRA tables (Sauvant et al., 2002) .
Each bird was offered 125 g of feed distributed twice daily in equal quantities. This quantity represented 105% of the theoretical requirement of 119 g/bird per d (ISA-Hendrix, 2011) and could be considered as ad libitum supply. In sequential feeding, feed left over from the previous distribution was always removed before the next distribution. Sauvant et al. (2002) . 2 Balancer diet: at 27 wk of age, 2% oil was added on top of the balancer diet to boost the birds' weight until wk 35. This increased AME n from 2,275 to 2,412 and slightly diluted the other parameters.
3 Arbocel RC: pine lignocellulosic insoluble fiber, made by the company J. Rettenmaier and Söhne (Rosenberg, Germany). 4 Premix supplied per kilogram of diet: vitamin A, 750,000 IU; vitamin D 3 , 300,000 IU; vitamin E (tocopherol acetate 3a700), 1,000 IU; vitamin K 3 , 100 mg; zinc, 10,000 mg; manganese, 10,000 mg; copper, 1,000 mg; iron, 4,000 mg; iodine, 150.0 mg; selenium, 30.0 mg; canthaxanthin, 1,950.0 mg; β-apocarotenoid acid, 2,000.0 mg; lutein, 3,560.0 mg; zeaxanthin, 200.0 mg; cryptoxanthin, 80.0 mg; citric acid, 400.00 mg; orthophosphoric acid, 660.00 mg; ethoxyquin, 400 mg; and propyl gallate (E310), 400 mg.
At 27 wk of age, sequentially fed hens showed a meaningful weight loss compared with wk 24, whereas no changes were observed for the controls. This weight loss was mainly due to a very high temperature for several days without decline during periods of night. We added 2% oil on top of the balancer diet to boost the birds' weight until wk 35.
Measurements
For each cage, feed intake was recorded every week. In sequential feeding, intakes of high energy and high protein-mineral diets were measured independently. Egg production was measured by recording the number of eggs produced daily and describing their characteristics (normal, broken, soft, and dirty). Egg weight was recorded twice weekly. Every 4 wk, egg components were measured (weight of yolk, albumen, and eggshell) on all eggs produced on a given day. Eggshells were washed and dried for 12 h in an oven at 70°C, and then weighed.
Body weight was recorded individually at wk 16, 19, 23, 27, 31, and 35. Body composition was predicted with a noninvasive method based on bioelectrical impedance analysis at 19, 27, and 35 wk of age. The device uses 2 electrodes placed on the bird's legs and distributes a very low intensity current. It is assumed that the electrical impedance of the biological organism is indicative of the highly conductive fat-free component (Berg and Marchello, 1994) . The electrical impedance of a tissue depends on its fluid and electrolyte content (Rutter et al., 1998) and therefore on the electrical properties of different tissues in connection with their relative proportions of muscle, lipid, water, and ash. These proportions could consequently be predicted. This technique has been developed by the company INZO (Chierry Cedex, France), which calibrated the instrument of impedance through chemical analysis of birds to obtain a consistent prediction of body composition of chickens.
At the end of the trial, 10 birds per treatment, randomly selected, were first weighed before being injected with Na pentobarbital solution (1 mL/kg). The abdominal cavity was dissected and the weights of pancreas, liver, and spleen were recorded. The gizzard was placed into an iced container (−4°C) for 24 h to facilitate the removal of the surrounding fat before being emptied and weighed. The small intestine was divided into 3 parts: duodenum (from gizzard to pancreo-biliary duct), jejunum (from pancreo-biliary duct to Meckel's diverticulum), and ileum (from Meckel's diverticulum to ileo-cecal junction). Each segment was emptied of its contents and fat surrounding the tube was removed before weighing. Hepatic lipid (%/liver) was measured according to the Folch procedure (Folch et al., 1957) .
Statistical Analysis
Data collected during the experiment were analyzed based on 4 different periods that lasted 4 wk. Because too few hens were laying at 20 wk of age, the first period only included 3 wk (21 to 23). To evaluate the differences between diets, several contrasts were tested. The statistical analysis began by comparing the control diet with the sequential whole wheat diet. Second, the control diet and the sequential whole wheat were tested versus the other sequential diets grouped under corn-based ones (ground corn, ground corn + insoluble fibers, ground corn + whole wheat) and wheat-based ones (ground wheat, ground wheat + insoluble fibers, ground wheat + whole wheat). Finally, sequential diets were compared within the same base (corn or wheat).
Averaged values from cages were analyzed using StatView (version 5, SAS Institute Inc., Cary, NC). Data were analyzed based on the 4 following periods: 21 to 23, 24 to 27, 28 to 31, and 32 to 35 wk of age.
Feed and fractional (high energy and high proteinmineral diets) intakes, laying performances (egg weight, egg production, egg mass), FCR, BW, and body content were tested with a 1-way repeated measures ANOVA including the above proposed comparisons. A 1-way ANOVA was used to test treatment effect on egg component weight and digestive organ weight. Tested factors were considered highly significant if P < 0.01, significant if P < 0.05, could be discussed as a trend if P < 0.1, and not significant if P > 0.1. (Tables 2 and 3) The average feed intake tended to be higher for the control than it was for the whole wheat diet (P < 0.1). However, no difference was observed for the laying performance (egg weight, egg production, and egg mass), whereas FCR was significantly lower (P < 0.05) for sequential feeding with whole wheat than it was for the control.
RESULTS
Comparison Between the Control Diet and the Sequential Whole Wheat
Body weight increased with age, but sequentially fed birds were lighter than control ones (−108 g, P < 0.01). According to this comparison between control and sequential whole wheat and in connection with the results of Umar Faruk et al. (2010a Faruk et al. ( , 2011 , sequential whole wheat could be considered as a positive control in sequential feeding.
Feed Intake (Table 2) The comparison control versus wheat-based or cornbased sequential diets showed a total feed intake that was always higher for the control. No differences between sequential whole wheat and wheat-or corn-based diets were observed for total feed intake and high energy intake. High protein-mineral diet intakes tended to be higher (P < 0.1) with wheat-based diets compared with sequential whole wheat, whereas there were no differences with corn-based diets. There were no differences between the 3 wheat-based diets regarding high energy and high protein-mineral feed intakes. Conversely, high protein-mineral fraction intake was higher with ground corn + insoluble fibers compared with ground corn and ground corn + whole wheat (P < 0.01). Contrary to high protein-mineral fraction, birds ate less the high energy fraction with ground corn + insoluble fibers than with ground corn and ground corn + whole wheat (P < 0.01).
Egg Production (Table 4)
Egg production and egg weight increased with age. Similar egg productions were observed for the 8 diets. There were no differences between control and cornbased or wheat-based diets for egg weight and egg mass. Egg weights were significantly higher during the experiment for sequential whole wheat compared with wheat-based and corn-based diets. A similar trend was observed for the egg mass. Similar egg weight and egg mass were observed among the 3 wheat-based and the 3 corn-based diets.
BW (Table 3)
Body weight increased with age and hens fed with the control diet were always heavier than sequentially fed ones. No differences between whole wheat and wheat-or corn-based diets were found. Similar BW were observed among the 3 wheat-based diets. The hens with corn-based diets had hierarchical weights throughout the experiment: hens eating ground corn + insoluble fibers were the lightest, hens with ground corn + whole wheat had an average weight, whereas hens with ground corn were the heaviest.
Body Composition (Figure 1)
Protein content was similar at 19 wk of age for sequential whole wheat and the control. It evolved differently over time with higher protein levels for hens with sequential whole wheat compared with the control. Conversely, hens were fatter with control diet than with the sequential whole wheat. No differences in protein and fat dynamics between sequential whole wheat and wheat-or corn-based diets were observed. Hens with ground corn diets were fatter than the other 2 corn-based diets and had a lower protein level. No differences were observed between wheat-based diets.
FCR (Table 2)
The FCR was lower for sequential whole wheat than control (P < 0.05). Sequential whole wheat had lower FCR than wheat-(P < 0.05) or corn-based diets (P < 0.05). The FCR of control tended to be higher than wheat-or corn-based diets (P < 0.1). No differences in FCR values were observed within corn-and wheatbased diets.
Digestive Organs (Table 4)
At 35 wk of age, control feeding resulted in significantly lighter gizzard and small intestine compared with sequential diets. Hens with the control diet had a lighter pancreas than sequential whole wheat. Hens with control diets had a lighter liver than wheat-or corn-based diets and they had higher levels of abdominal fat. Gizzard, pancreas, liver, and abdominal fat were similar among sequential treatment, except for the small intestine which was heavier with sequential whole wheat than corn-based diets. Livers' lipid contents 1 SC: sequential control; GW+WW: ground wheat + whole wheat; GW: ground wheat; GW+F: ground wheat + fiber; GC+WW: ground corn + whole wheat; GC: ground corn; GC+F: ground corn + fiber.
2 Values were tested with a 1-way ANOVA at 35 wk of age.
were performed on half of the diets (control, whole wheat, ground wheat + fiber, and ground corn + whole wheat). Results showed that the livers of control hens were fatter than those of hens with sequential feeding diets (P < 0.01).
Egg Contents
Very few differences were observed regarding the egg contents. Egg yolks were similar among all treatments during the experiment. The only difference was for the eggshells, which were always heavier for corn-based diets compared with control and sequential whole wheat. (Table 5) Energy and protein intakes were computed for 2 different periods: wk 21 to 27 (before supplementation of oil) and wk 28 to 35 (after oil supplementation). Hens offered the control diet ate more energy than hens in sequential whole wheat with no difference for protein intake before oil supplementation. After oil supplementation, there was no difference for energy intake, but hens with sequential whole wheat ate more protein than hens receiving the control diet. Layers with the control diet consumed more energy than hens with wheat and corn-based from wk 21 to 27 but had similar values from wk 28 to 35. The opposite was observed for protein intakes. Similar levels of energy and protein intakes were observed among sequential whole wheat and wheat-based diets. Hens with corn-based diets consumed more energy and the same quantity of proteins than sequential whole wheat from wk 21 to 27 with an inversion from wk 28 to 35.
Energy and Protein Intake
Hens offered ground wheat diets ingested more energy than the 2 other wheat-based diets before additional oil supply, with no difference afterward. Hens with cornbased diets had ranked energy intake throughout the experiment: ground corn + insoluble fibers < ground corn + whole wheat < ground corn. No differences in protein intake within wheat-and corn-based diets were observed.
DISCUSSION
The sequential whole wheat diet gave the best results compared with the control diet in our study, consistent with the findings of Umar Faruk et al. (2010a Faruk et al. ( , 2011 . With the sequential whole wheat diet, hens tended to consume less food than those offered a control complete diet with the same performance and a lower BW (−4.3%), and therefore their maintenance requirements were lower. As an example, according to Sakomura (2004) , when BW requirement for hens with control diet is 331 kcal of ME/kg between 20 and 35 wk of age, a decrease of 100 g of BW leads to a lower requirement of 7 kcal/d. Moreover, hens in sequential feeding had less fat than hens with a continuous diet. Our results agreed with Lee and Ohh (2002) with the same effect of sequential feeding on feed intake and performance of laying hens. However, in the morning the authors gave a diet rich in energy and protein and in the afternoon a diet with a low level of energy and protein but with calcium. A second explanation for a lower FCR may be an improvement in the utilization of nutrients thanks to a heavier gizzard and pancreas. These might be explained both by the fractional distribution of the diet as observed for slow growing chickens ) and large particle size, the best being whole grains that stimulate the digestive capacity of hens (Nir Values were tested with a 1-way ANOVA for the 2 periods 21 to 27 and 27 to 35 wk of age. et al., 1990) . Inclusion of large particles in the diet of laying hens increased the retention time in the gizzard (half-emptying time in the gizzard is 6.1 h with large particles and 3.1 h for small particles (Vergara et al., 1989) , which should enhance the digestion of nutrients as shown for protein by Ouhida et al. (2000) and Rougière (2010) . Moreover, relations have been computed between the weight of the gizzard and digestive efficiency: a difference of 2.4 mg of gizzard/g of BW induced a 9% increased AME n value (Peron et al., 2006) . As the retention time in the gizzard had been shown as linked to the relative weight of this organ (Verdal et al., 2011) , the positive relationship between the gizzard weight and digestive efficiency could be accepted.
To assess sequential feeding with diverse high energy/low protein and Ca fractions, they have been compared both with the sequential whole wheat and the control diet. Comparing wheat-or corn-based diets with control and sequential whole wheat showed intermediate results. Hens consumed less food in sequential diets than continuous feeding with similar laying performance. Hens in sequential diets were also lighter than the control, leading to a trend toward a better FCR. On the other hand, when wheat-or corn-based diets were compared with sequential whole wheat, egg weights were significantly heavier during the experiment for sequential whole wheat driving to an improved FCR with sequential whole wheat compared with the other sequential diets. It might, therefore, be possible to substitute whole wheat by ground wheat, ground corn, or both in sequential feeding but with attenuated performance. When hens were fed with a classical complete diet, Lázaro et al. (2003) and Safaa et al. (2009) found that the substitution of corn by wheat did not affect laying performance and feed intake. This is consistent with Umar Faruk et al. (2010b) in hot semi-arid conditions, who substituted corn by millet in sequential feeding for laying hens, obtaining similar results, and Bouvarel et al. (2009) , who used different raw materials such as fava bean and rapeseed meal in sequential feeding for chickens with the same performances as the control diet. However, the use of ground corn alone affected the body composition of hens with fatter animals compared with hens with corn combined with whole wheat or insoluble fiber.
From this study, limited inclusion of 20% whole wheat or supply of 5% cellulose fiber in high energy/ low protein and Ca fraction did not produce similar performances as 100% whole wheat. This supported the hypothesis of a required minimal level of whole grain in sequential feeding higher than 20% to be efficient. However, no published study is available on laying hens to the authors' knowledge. Regarding insoluble fiber, its negative effect on feed intake of high energy/low protein and Ca fraction was stronger than expected. Usually dietary fiber had been considered as diluents of the diet (Mateos et al., 2012) and additional fiber supply induced an increase of feed intake (McNaughton, 1978) . However, it could also have negative effect on feed intake as for Noy and Sklan (2002) where 10% of added cellulose induced a reduction of 5 g of feed intake for chicken. However, they demonstrated that inclusion of insoluble fiber sources between 2 and 3% improved the growth performance of broilers and the development of organs, enzyme production, and nutrient digestibility in poultry. However, in sequential feeding, the high energy fraction contained 5% fiber, which may explain the negative effect on feed intake through a bulk effect of fibers in crop and gizzard. Van Krimpen et al. (2011) showed that mean retention time in the foregut was prolonged when daily insoluble nonstarch polysaccharide intake increased. This higher mean retention time in the foregut seemed to indicate a higher level of satiety. Diets with fiber had the same effect on digestive organs as other sequential diets, with a heavier gizzard than the control diet.
Questions were raised regarding the sequential feeding system. Whatever the diet content in sequential feeding, the high energy fractions in the morning were always consumed less than the high protein mineral fractions in the afternoon. This underconsumption of high energy fractions provided a better FCR but could weaken the overall system by a long-term lack of nutrients. Decrease in consumption could be explained by 2 main hypotheses: as dietary energy level increases, chickens satisfy their energy needs through feed intake reduction (Plavnik et al., 1997; Nahashon et al., 2005) as observed in our study. The afternoon fraction with a low energy density increased hens' consumption due to their simultaneous needs for energy and Ca. The second hypothesis deals with amino-acid intake: a lack might reduce the morning intake while favoring it in the afternoon. Indeed, chickens react quickly to a deficiency in essential amino acids in the diet. As an example, at 8 d of age, chickens fed a diet deficient in lysine, methionine, and tryptophan (45%) reduced their feed intake by 60% (Picard et al., 1993) .
This work showed the possibility of providing more flexibility in a sequential feeding system by substitution of whole wheat. Indeed, it is possible to use corn or wheat coarsely ground, mixed or not with whole grains and insoluble fiber cellulose. These combinations gave intermediate results between control and continuous sequential feeding with whole wheat. In addition, body composition predictions allowed demonstration of the existence of different metabolic pathways used by hens fed sequentially compared with continuously fed ones. However, this study highlighted the fragility of laying hens in sequential feeding, stressing a difficult adaptation to heat and a constant low energy fraction intake in the morning. It would be interesting to successfully control the intake of hens, thereby driving their weight gain to increase the robustness of birds against severe environmental situations.
